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currents relative to each other3 it follows that the tornado, whose winds far surpass this limiting value, is generated in some way that is not purely mechanical.
6. The only other way by which vortical motion is produced, naturally, in the atmosphere, is that of drawing closer together, through vertical convection, masses of air, the algebraic sum of whose angular momenta, about the center of that convection, is greater than zero; whether positive, rotation in one sense, or negative, with opposite rotation. Here the principle of conservation of angular momentum, or conservation- of areas, is operative, by virtue of which the linear velocity, except as reduced by friction, so increases as the distance from the center decreases that the product of this distance and the velocity is a constant.
In this way, and in no other, persistent whirls in the air of great linear velocity can, and do, occur naturally where the interference, frictional and turbulent, is quite small. That is, in the free air, from where they may, and often do, feed down to the surface.
c.  The production of a violent whirl in the air, through the conservation of angular momentum, requires (1) a central or localized vertical convection at the level at which the whirl begins; and (2) that the currents drawn into the ascending column have initially either different directions, or different speeds if originally in the same direction.    Local convection does not produce rotation in still air, nor in wind that has the same direction and speed throughout except, in each case, to the slight extent caused by the rotation of the earth.    The ordinary dust whirl is induced by convection over a surface, across which the flow of air is so disturbed as to miss the center of convection and start a spin.    This spin may be in either sense, clockwise or the contrary, from which it follows, as also from other considerations, that the dust whirl and the tornado, which always turns in the same sense, are radically different in origin.
d.  Kite, pilot balloon, and cloud observations all show that the winds 1 or 2 kilometers above the surface are moderately swift, in the neighborhood of a tornado, and increased over the surface winds more than commonly is the case at that level.    These observations also indicate that the rapid velocity increase frequently, at least, begins at some intermediate level where a greater or less change in direction also usually occurs.
We infer, therefore, that there are adjacent, presumably superjacent, currents of air of different sources where and whenever tornadoes are likely to occur.
e.  From the rather common occurrence of the mammato-cumulus cloud shortly before the development of a tornado, it would seem that, at the level at which this storm originates, there is a superjacent wind, cold enough to be unstable with reference to the air just below it.    From this fact, and from the approximate to full adiabatic lapse rates that

